The state of conservation of some tombs in the Jewish Cemetery of Algarrobos in Colonia Mauricio, Buenos Aires, Argentina was evaluated. A lot of material was found, but only two tomb-markers were done on wood. They were in a state of serious deterioration, so these were defined as an object of study. The tomb-markers, which had been established by the Jewish immigrants from Russia at the end 19th century, were made of South American tree known as Aspidosperma Quebracho Blanco and suffered both biological (from fungal decay and insect attack) and mechanical deterioration (cracks and fissures due to weathering, and discoloration due to ultraviolet radiation). Thus, the aim of this paper was the conservation of one of the two remaining wooden tomb-markers found, using impregnant based on non-toxic siloxanes employing sol-gel technology in order to increase the readability of epitaphs and reliefs found at the tomb-marker. The treatment with this modern technology resulted in the excellent performance of wooden tomb-maker conservation. The structural consolidation and cracks sealing were achieved. It avoided the detachment of material and the appearance of natural veins; furthermore, it improved the reading of the epitaphs and reliefs.
Introduction
The cemetery of Algarrobos is located in the old Colonia Mauricio, Carlos Casares province of Buenos Aires, Argentina (38.9053823, −63.1437093, 234) on the margins of the homonymous lagoon. It was founded by the Jewish Colonization Association in 1891, and it is a reflex of an important historic event: the Jews' establishment in Argentina, which is linked to the massive Jewish immigration to our country, mainly from the Russian Empire at the end of the 19th century. At present, the cemetery is active, and it is one of the most emphasized places inside the Buenos Aires tourist circuit [1] [2] [3] [4] [5] .
During the month of March 2017, we made a technical visit to the Jewish Cemetery of Algarrobos (together with Heritage Director of Tourism and Museums of Carlos Casares Municipality) in order to examine and evaluate the state of conditions (see Figure 1 ). In the inspection visit, we identified many pathologies of material degradation caused either by weathering or by vandalism, which, in some cases, were linked with the weathering of the materials and, in others, by vandalism (see Figure 2 ). Tomb-markers of different materials were found, but only two were of wood. They were in a seriously deteriorated condition, so these were defined as the object of study.
The tomb-markers observed during our inspection, as well as those documented during previous surveys [1] [2] [3] , were made of different materials, although there was a large predominance of marble, followed by granite, wood, and other types of ornamental rocks (see Table 1 ). It was interesting that the use of wood as a tomb-marker was confined to the first four decades, although always in a notorious minority with respect to marble ( of tomb-marker was under-represented due to its lower preservation. It would be possible that several tombs currently without tomb-markers originally were of this type [4] [5] [6] [7] [8] . Table 1 . Use of materials in tomb-markers over time [1] . interesting that the use of wood as a tomb-marker was confined to the first four decades, although always in a notorious minority with respect to marble (Table 1) . It was feasible to suppose, however, that this type of tomb-marker was under-represented due to its lower preservation. It would be possible that several tombs currently without tomb-markers originally were of this type [4] [5] [6] [7] [8] . Table 1 . Use of materials in tomb-markers over time [1] . 1891-1900  1  13  ---14  1901-1910  1  31  1  3  8  44  1911-1920  3  27  1  1  2  34  1921-1930  1  5  1  --7 As mentioned, all the tomb-markers were damaged. Some of them were or have been relieved, restored, and translated into headstones, providing important information about social structure and ethnic conditions (the symbolic space that reflects the ethnic construction of identities, class, and genre), as well as their changes across time since, it is a social framework that includes features of exclusion (suicides or epidemics), personal links, and kinship. In this case, the use of wood as a tombmarker could be explained by the lack of economic resources of the Jews who lived, at that time, in the Mauricio Colony, estimating that the constructions of the tombs and tomb-markers were done with the resources available in the field [9, 10] . Therefore, their conservation is relevant.
Decade Wood Marble Granite Stone No Data Total
In order to undertake conservation, the current consolidate treatments' development based on non-polluting technological products for the protection of heritage is needed. Also, it is necessary to build a bridge between the basic knowledge generated as a product of scientific research and applied science.
Currently, consolidating substances and repellents based on organosilicon compounds are used in construction (e.g., brick, concrete, plaster, etc.), but they are not widely studied in wood treatments [11] [12] [13] [14] [15] [16] [17] . Siloxanes are very small molecules that, when applied to the surface of a suitable substrate, As mentioned, all the tomb-markers were damaged. Some of them were or have been relieved, restored, and translated into headstones, providing important information about social structure and ethnic conditions (the symbolic space that reflects the ethnic construction of identities, class, and genre), as well as their changes across time since, it is a social framework that includes features of exclusion (suicides or epidemics), personal links, and kinship. In this case, the use of wood as a tomb-marker could be explained by the lack of economic resources of the Jews who lived, at that time, in the Mauricio Colony, estimating that the constructions of the tombs and tomb-markers were done with the resources available in the field [9, 10] . Therefore, their conservation is relevant.
Currently, consolidating substances and repellents based on organosilicon compounds are used in construction (e.g., brick, concrete, plaster, etc.), but they are not widely studied in wood treatments [11] [12] [13] [14] [15] [16] [17] . Siloxanes are very small molecules that, when applied to the surface of a suitable substrate, penetrate deeply. They react with the substrate and impart durability. Many protective treatments are applied on wood by impregnation to make it water repellent, thus avoiding the pathologies that this causes (loss of dimensional stability, growth of microorganisms, efflorescence, etc.). Organosilicon compounds such as silanes and siloxanes are widely used as consolidators and water repellents in concrete and other materials in construction [17] [18] [19] [20] .
The use of the silanes for materials protection is due to the fact that they are capable of forming bonds with the substrate across the inorganic part (OR ) of the molecule (it is restricted to materials that they have -OH in their chemical composition) via the sol-gel process: during hydrolysis, the union Si-O-C is formed to give silanoles (Si-OH), which later reacts with the oxides and/or present hydroxides in the surface of the material, forming Si-O-Substrate bonds [21] [22] [23] [24] [25] .
Considering the above-mentioned details, the objective of this report is to present the application of the novel, environmentally friendly methodology of conservation based on siloxanes for the impregnation of a wooden tomb-marker, in order to increase the readability of epitaphs and reliefs.
State of Condition of the Wooden Tomb-Marker
In the first instance, wood was identified using observations of magnifying glass (10×) and microscope (40×) without staining to observe characteristics in terms of vessels, parenchyma, and rays, which allowed the identification of species through the support of dichotomous keys [26] [27] [28] [29] . Finally, it was corroborated by comparing wood cuts of the identified species. The observations carried out indicated that the wood species is Quebracho Blanco (Aspidosperma Quebracho Blanco).
Aspidosperma Quebracho Blanco, Apocinaceae, is considered one of the most important commercial species in the region of Chaco, Argentina, Figure 3 . penetrate deeply. They react with the substrate and impart durability. Many protective treatments are applied on wood by impregnation to make it water repellent, thus avoiding the pathologies that this causes (loss of dimensional stability, growth of microorganisms, efflorescence, etc.). Organosilicon compounds such as silanes and siloxanes are widely used as consolidators and water repellents in concrete and other materials in construction [17] [18] [19] [20] . The use of the silanes for materials protection is due to the fact that they are capable of forming bonds with the substrate across the inorganic part (OR′) of the molecule (it is restricted to materials that they have -OH in their chemical composition) via the sol-gel process: during hydrolysis, the union Si-O-C is formed to give silanoles (Si-OH), which later reacts with the oxides and/or present hydroxides in the surface of the material, forming Si-O-Substrate bonds [21] [22] [23] [24] [25] .
Aspidosperma Quebracho Blanco, Apocinaceae, is considered one of the most important commercial species in the region of Chaco, Argentina, Figure 3 . The geographical distribution at the country level of the identified wood species was analyzed, as well as the feasibility of transporting them from that region for the purpose of understanding why wood was used as tomb-markers.
In general, quebracho wood has good technological characteristics in relation to hardness and workability, but it presents difficulties in certain applications due to its high hygroscopicity, poor The geographical distribution at the country level of the identified wood species was analyzed, as well as the feasibility of transporting them from that region for the purpose of understanding why wood was used as tomb-markers.
In general, quebracho wood has good technological characteristics in relation to hardness and workability, but it presents difficulties in certain applications due to its high hygroscopicity, poor dimensional stability, and difficulties in drying. Therefore, it tends to suffer contractions and warping. With this information, the geographic distribution at the country level of the identified wood species was analysed, as well as the feasibility of transporting them from that region to Carlos Casares. It was carried out in order to reconstruct the history of the time that dates the wood.
The use of a material such as wood could be interpreted as clear evidence of different social conditions: This idea was brought from the Chaco region by rail to be used in the construction of structures. The wood origin was also very typical of the decade, since the northern area has been historically a provider of native species.
The deterioration grade was determined by observation and recording photography at first, and then relevant sampling was analyzed in the laboratory to determine the type of material, types of degradation, and level and cause of degradation. Pathologies Identification was made by visual observation and magnifying glass (10×).
The wood tomb-marker studied was in a state of advanced deterioration; the wood had a major crack that divided it into two parts, as well as other fissures and longitudinal and transverse cracks of lesser magnitude.
In addition, in the lower part there was a loss of material, which was the product of brown rot fungi decay, as well as grey surface coloration caused by exposure to UV rays of sunlight; black rot indicated the deterioration caused by imperfect fungi and small cavities belonging to xylophage insects (see Figure 4) . The whole set of pathologies found would justify the loss of structural stability observed, as well as the impossibility of a correct reading of the reliefs and epitaphs Characterization and measurement of the degree of deterioration of the wood asset were studied using images analyzed with ImageJ software, in order to determine the degree of affection of the wood to be treated. The measurement is according to grey's difference: the lighter wood represents greater degradation relative to the whole piece. The result was that the wood had a 60% material degradation (see Figure 5 ). dimensional stability, and difficulties in drying. Therefore, it tends to suffer contractions and warping. With this information, the geographic distribution at the country level of the identified wood species was analysed, as well as the feasibility of transporting them from that region to Carlos Casares. It was carried out in order to reconstruct the history of the time that dates the wood. The use of a material such as wood could be interpreted as clear evidence of different social conditions: This idea was brought from the Chaco region by rail to be used in the construction of structures. The wood origin was also very typical of the decade, since the northern area has been historically a provider of native species.
In addition, in the lower part there was a loss of material, which was the product of brown rot fungi decay, as well as grey surface coloration caused by exposure to UV rays of sunlight; black rot indicated the deterioration caused by imperfect fungi and small cavities belonging to xylophage insects (see Figure 4) . The whole set of pathologies found would justify the loss of structural stability observed, as well as the impossibility of a correct reading of the reliefs and epitaphs Characterization and measurement of the degree of deterioration of the wood asset were studied using images analyzed with ImageJ software, in order to determine the degree of affection of the wood to be treated. The measurement is according to grey's difference: the lighter wood represents greater degradation relative to the whole piece. The result was that the wood had a 60% material degradation (see Figure 5 ). 
Stages of Conservation
The principles of conservation employed were involved minimal intervention and minimal environmental impact. The formulations for cleaning and protection were developed based on the following criteria.
Cleaner formulation consisted of chlorides water (3%) in deionized water. The protective formulation was formulated with siloxanes from commercial precedence (Sika guard S1) in 50% v/v, an organic clarified solvent (double clarified flax oil) as vehicle in 30% v/v, and a curing controller of vegetable origin (turpentine) in 20% v/v.
Cleaning and surface preparation was carried out with the traditional methods of cleaning, and surface preparation was used, generating a soft abrasion and tow. The cleaner formulation was applied with semi dry oakum, rubbing softly to remove surface dirt. The tow was only used for the removal of environmental fungi deposited on the surface (mold, imperfect, etc.). The cleaning procedure was applied on one of the faces, leaving it stationary for 4 days. Then, the same technique was applied on the other side of the tomb-marker, since the latter had graffiti and epitaphs.
Conservation formulation was based on the development of a correct formulation and its application with a brush, treating as if the solutions were like a stain (without film formation):
(i) In the first application, the above-defined protective formulation was diluted with turpentine 50/50% v/v formulation/turpentine. (ii) The following two successive applications were (1) the formulation diluted 25/75% v/v formulation/turpentine and (2) protective formulation without dilution. (iii) The face of the tomb-marker without graffiti and epitaphs was first exposed to treatment. The drying time between the applications was 24 h. Once the treatment of the face was completed, it was exposed to the seven day drying phase before the treatment of the other face was started. The treatment of the face with graffiti and epitaphs was done in accordance with the same methodology. (iv) Finally, the tomb-marker was exposed to controlled conditions of temperature and humidity for three weeks to allow correct curing (sol-gel). 
(i) In the first application, the above-defined protective formulation was diluted with turpentine 50/50% v/v formulation/turpentine. (ii) The following two successive applications were (1) the formulation diluted 25/75% v/v formulation/turpentine and (2) protective formulation without dilution. (iii) The face of the tomb-marker without graffiti and epitaphs was first exposed to treatment.
The drying time between the applications was 24 h. Once the treatment of the face was completed, it was exposed to the seven day drying phase before the treatment of the other face was started. The treatment of the face with graffiti and epitaphs was done in accordance with the same methodology. (iv) Finally, the tomb-marker was exposed to controlled conditions of temperature and humidity for three weeks to allow correct curing (sol-gel).
Results and Discussion
In order to conserve and consolidate at the beginning of the enhancement of tomb-markers, the appearance of the wood changed radically, with only a removal of superficial environmental impurities. After cleaning, protective system was applied. It was an impregnant treatment that penetrated deeply without forming a film or occluding natural hollows of the wood (see Figure 6A,B) .
As a main result, rehydration was observed, generating an improved aesthetic appearance, as well as the sealing the cracks and micro cracks. In addition, the structural consolidation of the part most compromised by the brown rot mentioned was observed. Altogether, this allowed one to observe the detachment of material and the appearance of natural veins. In addition, an improvement in the reading of the epitaphs and reliefs was achieved (see Figure 6C,D) . 
As a main result, rehydration was observed, generating an improved aesthetic appearance, as well as the sealing the cracks and micro cracks. In addition, the structural consolidation of the part most compromised by the brown rot mentioned was observed. Altogether, this allowed one to observe the detachment of material and the appearance of natural veins. In addition, an improvement in the reading of the epitaphs and reliefs was achieved (see Figure 6C,D) . Regarding the study of protective performance, two non-invasive tests were carried out: (1) The weight variation of the tomb-marker, to extrapolate the absorption and desertion of water taken from the environment, and (2) the contact angle. The contact angle is defined as the angle that a drop forms when it comes in contact with the substrate; the measurement and value of that angle will indicate the degree of wettability and therefore the degree of hydrophobicity that the surface of the substrate presents.
On the other hand, it was observed that the monocomponent and water-repellent siloxanes impregnants were water-based. Therefore, they are a product that is harmless to health and has the peculiarity of being able to penetrate, producing a lasting hydrophobization, while at the same time allowing the diffusion of water vapor in both directions, which accompanies the natural watery movement of the wood, giving it dimensional stability [17] [18] [19] . Regarding the study of protective performance, two non-invasive tests were carried out: (1) The weight variation of the tomb-marker, to extrapolate the absorption and desertion of water taken from the environment, and (2) the contact angle. The contact angle is defined as the angle that a drop forms when it comes in contact with the substrate; the measurement and value of that angle will indicate the degree of wettability and therefore the degree of hydrophobicity that the surface of the substrate presents.
On the other hand, it was observed that the monocomponent and water-repellent siloxanes impregnants were water-based. Therefore, they are a product that is harmless to health and has the peculiarity of being able to penetrate, producing a lasting hydrophobization, while at the same time allowing the diffusion of water vapor in both directions, which accompanies the natural watery movement of the wood, giving it dimensional stability [17] [18] [19] .
In comparison with other wood conservation treatments, this did not generate changes in tomb-markers, because the siloxane is retained inside wood by chemical bonds, so there lixiviation does not occur. On the other hand, this treatment allows natural wood movements and natural water absorption and desorption, which generates excellent dimensional stability and ensures the wood will not crack, as happens with the treatments with resins. The chemical inorganic characteristic of siloxanes also contributes to the wood being less biodegradable and gives it fire-retardant characteristics. Other properties observed of the proposed impregnate are the reduction of water absorption by capillarity, which does not normally change the aesthetic appearance of the substrate, because it does not affect the wood natural colour like, for example, the treatment with PEG. Also, it highlights natural veins [30, 31] .
The weight-checks were performed daily for 3 weeks, and weight variation was 3% ± 1%, which is not significant, since naturally the wood loses and absorbs moisture. It was concluded that the treatment improved the dimensional stability.
The contact angle measurement was 130 • , which translates into a hydrophobic material, verifying greater water repellency of the treatment (see Figure 7) . In comparison with other wood conservation treatments, this did not generate changes in tombmarkers, because the siloxane is retained inside wood by chemical bonds, so there lixiviation does not occur. On the other hand, this treatment allows natural wood movements and natural water absorption and desorption, which generates excellent dimensional stability and ensures the wood will not crack, as happens with the treatments with resins. The chemical inorganic characteristic of siloxanes also contributes to the wood being less biodegradable and gives it fire-retardant characteristics. Other properties observed of the proposed impregnate are the reduction of water absorption by capillarity, which does not normally change the aesthetic appearance of the substrate, because it does not affect the wood natural colour like, for example, the treatment with PEG. Also, it highlights natural veins [30, 31] .
The contact angle measurement was 130°, which translates into a hydrophobic material, verifying greater water repellency of the treatment (see Figure 7 ). In previous works in which performance was studied as a protective and consolidating system of a stain-based formulation of siloxanes in woods of different species by surface treatment in order to protect wood from heritage buildings [16] [17] [18] [19] [20] [21] [22] , it was shown that the application of this formulation reverses the deterioration of a piece of wood by 30%, acting as a biocide, rehydration, and crack sealant.
Regarding reversibility, preliminary results showed that treatment can be removed with alcohol without any effect in wood (under study).
Conclusions
The structural consolidation and crack sealing were achieved. They avoided the detachment of material and the appearance of natural veins, as well as an improvement in the reading of the epitaphs and reliefs.
This method can be considered innovative, not only for the ease of application, but also because with this technique the biological agents are exterminated; it is hydro-repellent and acts as a biocide.
The conservation technique used in this heritage asset can be applied in similar cases (it has already been implemented in other heritage and non-heritage assets, with excellent results in terms of improving dimensional stability).
This treatment was relevant, since it exceeds the traditional methods of conservation, because it does not use toxic solvents (environmentally friendly), it does not form an internal polymer structure, and it has shorter curing time, among others. In previous works in which performance was studied as a protective and consolidating system of a stain-based formulation of siloxanes in woods of different species by surface treatment in order to protect wood from heritage buildings [16] [17] [18] [19] [20] [21] [22] , it was shown that the application of this formulation reverses the deterioration of a piece of wood by 30%, acting as a biocide, rehydration, and crack sealant.
This treatment was relevant, since it exceeds the traditional methods of conservation, because it does not use toxic solvents (environmentally friendly), it does not form an internal polymer structure, and it has shorter curing time, among others.
The identification of the wood species used in the tomb-marker and its place of origin allowed one to reconstruct a part of history: the use of wood can be explained by the lack of economic resources of the Jews who lived, at that time, in the Mauricio Colony, estimating that the constructions of the tombs and tomb-marker were done with the resources available in the field. This idea was brought from the Chaco region by rail to be used in the construction of structures. 
